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 

Abstract: The CFRP is widely used in automobiles to reduce 

vehicle weight and give higher fuel efficiency due to greater 

strength to weight ratio. It should be needed to machine with 

accurate structure and integrity. The post curing process is 

necessary after machining the CFRP composite material to 

remove burr and delamination. The dual helix mill tool is used to 

perform slotting to eliminate burr formation and delamination. 

From the study there is no delamination is occurred when CFRP 

is machined at the cutting speed of 2500 rpm, feed rate of 600 

mm/min and 1 mm depth of cut and also burr formation is highly 

reduced at this condition. 
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I. INTRODUCTION 

The rapid use of CFRP in automobile is increasing 

nowadays because of superior strength to weight ratio. To 

make use of CFRP composites in automobiles, it is mandatory 

to machine composites with preferred structures, accuracy, 

and integrity is too tough. It is difficult to machine a 

composite laminates without any surface damage such as burr 

formation, delamination and poor surface roughness because 

of these high strength carbon fiber and adhesive plastics of the 

composite structures. There is lot of research is going on to 

reduce burr formation and delamination. 

Masilamani et al. [1] reviewed on the usage of carbon fiber 

reinforced polymers in automobiles and concluded that 60% 

of weight is reduced when steel is replaced with CFRP and 

40% of weight is reduced when aluminum is replaced as 

CFRP. Tie Wang and Yon gang Li [2] is analyzed the impact 

behavior of various thickness of car bumper. By changing the 

thickness weight is decreased and impact performance is 

better. Park et al. [3] evaluated the crash worthiness of CFRP 

ladder in the body-on-frame vehicle, it can give 

corresponding structural performance to the base line vehicle 

and it can give corresponding structural performance to the 

baseline vehicle in frontal impact configuration. Anwar et al 

[4] make better the mechanical properties of carbon fiber 

reinforced plastics to improve the crash worthiness 

probability by simulation impact testing. From the outcome 

the CFRP can withstand higher external load. 

Azzam Ahmed and Li Wei [5] performed FE model of 

pedestrian head impact on CFRP material of automotive 

hood. From the collision test due to the reduction of HIC 
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value and the higher deformation because of higher crash 

worthiness the steer hood can be replaced by CFRP. Gunyaev 

et al. [6] studied about the design of connecting rod using 

CFRP to reduce in weight and noise and also increasing 

automobile speeds. From the study it can be concluded that 

CFRP composites satisfies all the requirements and also it can 

be used in engines by replacing CFRP for steel. 

Khairusshima et al. [7] performed milling on CFRP to 

reduce tool wear surface roughness using chilled air. From the 

result, concluded that tool wear is better at minimum feed 

rates and maximum cutting speeds. The surface roughness is 

reduced at higher cutting speeds. Avilla et al. [8] reviewed 

about the Finite Element (FE) modelling of burr formation in 

drilling of stacked material. From the result, by the use of 

consistent geometric software the burr formation is reduced.  

Hintze et al. [9] have done an experimental study about the 

formation and development of delamination during 

machining of CFRP. The delamination is occurred according 

to the condition of tool and fiber orientation. 

He et al. [10] conducted slot milling in CFRP with different 

cutting orientations and machining conditions to reduce 

cutting force. From the result of four fiber cutting angles the 

largest force exhibited on 0°/180° and smaller one in 45°. The 

largest tangential force was appeared on 135° and smaller one 

in 45°. 

Karpat et al. [11] used double helix tools for machining. 

From the results, the helix tool is extended to 2mm which is 

beyond the bottom of the composite laminate. After the 17 

passes of the mill tool, the diamond coat is fractured due to 

milling force doubles (one pass corresponding to 900mm). 

Surface roughness increased from 2µm to 12µm between first 

and 17th pass. Number of tooth can be increased to achieve 

constant chip thickness. The diamond coat is fractured 

because of milling force. 

Davin and Pedro Resis [12] approached to select 

machining parameters for damage-free drilling in CFRP 

composite material. From the result the delamination is higher 

when cutting parameter and feed is high. 

Kanematsu et al. [13] have done experimental and 

investigation in fully clamped condition and vibration are 

obtained by holographic technique. From this study, the 

anisotropy faces of CFRP sandwich plate provided the 

satisfaction of boundary condition and this method is 

applicable for the anisotropy faces. 

Hosokawa et al. [14] performed milling in CFRP 

composites using high helix end mill to increase surface 

integrity and to reduce tool wear. The smooth surface is 

occurred when high helix angle is used. There is no 

delamination is formed at exit 

layer when helix end mill is 

used. The high helix end mill 
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can be used for end milling performance to achieve higher 

surface integrity and delamination free machining. Galvez et 

al. [15] studied about the behaviors of adhesive to connect a 

new concept made of carbon fiber composite to steel bus 

structures. 

II.  EXPERIMENTAL PROCEDURE 

This study has been performed on M/s Lakhsmi Machine 

works Ltd make LMV JV 55 Vertical milling machine. Three 

stages of cutting speed (2000, 2500 and 3000 rpm), feed (400, 

500 and 600 mm/min) and depth of cut (0.5, 0.75 and 1 mm) 

are determined. The constant length of cut is 25mm. The solid 

carbide, diamond coated, dual helix tool shown in Figure 1 

has been used for machining. The tool has geometric 

parameters of 6mm of diameter, 40° of helix angle and 6 flute 

and it is presented in Fig. 1. The 90 x 90 x 5 mm 

unidirectional CFRP plates are used for slot milling study. 

 

Fig. 1. Dual Helix Tool. 

III. RESULTS AND DISCUSSION 

The area of Burr and delamination are calculated from the 

slotted area. From the 31 mm of traverse length the slot is split 

up in to three parts for both delamination and burr calculation. 

The calculation of burr and delamination is done in Optimal 

Microscope. 

Formulas used for the calculation of the slot: 

Area of the Semi Circle = πr2 = 28.274 mm 

Area of the Rectangle = l x b = 150 mm 

Total area of the slot = 178.274 mm 

By adding the total area of burr and subtract with the area 

of slot, the final answer should be a burr area. It is repeated for 

all the cutting conditions. For the delamination area 

calculation the maximum length from the slot is taken and the 

area. It is repeated for all the machining conditions. 

A. Burr Formation 

The Figure 2 shows the graph of 0.5 depth of cut. The burr 

formation is higher at the feed of 600mm/min and the cutting 

speed of 3000rpm. The less amount burr is occurred at the 

feed of 400 mm and the cutting speed of 3000rpm.  

Figure 3 shows the graph of 0.75 depth of cut. The higher 

amount of burr occurred in the condition of 2000 rpm of 

spindle speed and 400mm/min of feed. The burr formation is 

low at 600 mm/min of feed and 2000 rpm of cutting speed. 

Figure 4 shows the graph of 1 mm depth of cut. The higher 

amount of burr is occurred at the condition of 600mm/min of 

feed and at 3000 rpm. The lower amount burr is occurred at 

2500 rpm of cutting speed and 600 mm/min of feed. 

 
Fig. 2. Burr formation (0.5 mm depth) 

 
Fig. 3. Burr formation (0.75 mm depth) 

 
Fig. 4. Burr formation (1 mm depth) 

B. Delamination 

Figure 5 shows the graph of 0.5 depth of cut. There is no 

delamination occurred at 2500 rpm of cutting speed and 

600mm/min of feed. The higher delamination is occurred at 

2000 rpm of cutting speed and 600 mm/min of feed. 

Figure 6 shows the graph of 0.75 mm of feed. The higher 

amounts of delamination occurred at 2500 rpm of cutting 

speed and feed rate of 400 mm/min, and lower at spindle 

speed of 3000 rpm and 400 mm/min of feed. Figure 7 shows 

the graph of 1mm depth of cut. There is no delamination 

occurred at the cutting condition of 500 mm/min of feed and 

speed of 2000 rpm and also in 2000 rpm of cutting speed and 

600 mm/min of feed. The delamination is occurred according 

to the condition of the tool [7]. 

 From the three graphs the delamination is occurred when 

increasing the feed rate and depth of cut at 2500 rpm of 

cutting speed. By comparing the graphs of burr formation and 

delamination the suitable cutting condition for CFRP 

composite is at 600 mm/min of feed and 1mm of depth of cut 

at 2500 rpm of cutting speed. 
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Fig. 5. Delamination (0.5 mm depth).  

 
Fig. 6. Delamination (0.75 mm depth). 

 
Fig. 7. Delamination (1 mm depth). 

IV. CONCLUSION 

The delamination and burr formation is major problem 

when machining CFRP and avoiding this can be reduction of 

time and cost savings. This project describes the occurrence 

of burr formation and delamination when machining CFRP. 

From the result it can be concluded that by increasing the 

depth of cut and feed rate and at moderate spindle speed, the 

delamination and burr formation is reduced. From the 

findings the delamination and burr is highly avoided.  
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